exceeding the Sylvian fissure; and (type III) cysts that hugely fill the whole middle cranial fossa, and exert a mass effect on both frontal and parietal lobes (8,9).
█ INTRODUCTION
A rachnoid cysts are developmental lesions accounting for 1% of intracranial space-occupying lesions. They contain fluid similar to cerebrospinal fluid (CSF) with a wall composed of arachnoid cells. More than half of these cysts develop in the middle cranial fossa (11) .
Based on morphological appearance in neuroimaging, arachnoid cysts are classified according to Galassi into 3 types. These include (type I) cysts that are small, fusiform, within the confines of the anterior part of middle cranial fossa; (type II) cysts that exert mass effect on the temporal lobe not microsurgical fenestration reported significant improvement in the patients' quality of life correlated to improvement of headache and dizziness (16) . Patients with temporal arachnoid cysts have a significant post-surgical fenestration improvement in their subjective preoperative dizziness (26) . Surgical options for symptomatic patients include cystoperitoneal shunt (1) (2) (3) 24, 27, 29) , microsurgical fenestration (6, 7, 12, 17, 19, 20, 21, 27) and pure endoscopic fenestration (4, 5, 10, 13, 28) . Each of these surgical options has relative advantages and possible drawbacks.
Supraorbital subfrontal approach through an eyebrow skin incision (including arachnoid cyst fenestration) was used by Perneczky as early as 1985. The advances in microneurosurgical techniques, endoscopic instruments and precise preoperative planning using recent neuroimaging facilities enable neurosurgeons to approach deeply seated lesions through small tailored corridors (20) .
Through eyebrow supraorbital mini-craniotomy, we targeted fenestration of medial cyst wall into nearby interpeduncular and prepontine cisterns which we consistently confirmed by further endoscopic inspection. The advantages and limitations of the technique are thereby evaluated.
█ MATERIAL and METHODS
This retrospective study includes twenty-five children of symptomatic temporal arachnoid cysts operated via endoscope-assisted supraorbital keyhole microsurgical fenestration, in Tanta University Hospitals from October 2010 to October 2014. The preoperative clinical data and postoperative rate of clinical remission and cyst volume changes in magnetic resonance imaging (MRI) were evaluated.
Surgical Procedure
Patients were operated with the head elevated to enhance venous drainage; the head was reflected backwards to augment gravity-assisted brain retraction. The skin incision was limited to the eyebrow starting from just lateral to the supraorbital notch. In two children younger than 2 years, a skin incision about 6 cm was made behind the hairline. Orbicularis oculi was pushed downwards and the frontalis muscle was incised in the same line as the skin incision. The pericranium was incised starting from the anterior end of the linea temporalis following retraction of the upper edge of the skin incision using fish hooks.
A small D-shaped 2.5 by 1.5 cm craniotomy was performed in the supraorbital area. The ınner lip of the orbital rim and orbital prominences were drilled out, and the dura was opened in a C-shaped fashion and reflected inferiorly. Following gentle retraction of the frontal lobe, CSF was aspirated till identification of the ipsilateral optic nerve and carotid artery where arachnoid membranes in between were violated. Lilliequist's membrane was fenestrated through the opticocarotid window and widely opened. The medial cyst wall was widely fenestrated creating free communication between the cyst and prepontine cistern. Inspection of the cyst wall and prepontine cistern was further assessed using a Karl Storz® 0 and 30 degrees Lenscope ( Figure 1A-F) . The dura was closed watertight and the bone flap re-positioned and fixed using lactic acid absorbable mini-plates.
The outcome was both clinically and radiologically verified. The mean follow-up period was 24 months (range=6-60 months). An improvement in epilepsy was defined as a decrease in anticonvulsant dosage or an improvement in refractory seizures without changes in medication. Routine follow-up MRI images were obtained regularly at 3, 6 and 18 months postoperatively with measurement of cyst volume in mL ( Figure 1G, H) . Other outcome measures included the need for additional operations or any postoperative complication.
Data Analysis
Data were analyzed using both Microsoft Excel (Microsoft, Redmond, Washington) and Graphpad Prism Version 6 (GraphPad Software Inc., La Jolla, California, USA). One-way analysis of variance (one-way ANOVA) was used to evaluate differences in cyst volume. The significance value was set to 0.05.
█ RESULTS
Twenty-five patients with symptomatic temporal arachnoid cysts were operated upon in our university hospital. Thirteen patients had Galassi type II and 12 patients had Galassi type III temporal arachnoid cyst. The patients' age ranged from 1 year up to 14 years at the time of surgery (Mean=6.68 years). The follow-up period ranged from 18 to 67 months. The sex distribution was almost equal with 13 male and 12 female patients. Left-sided location was predominant and reported in 16 patients. Clinical presentation included medication nonremediable headache (80%), nausea & vomiting (64%), drugresistant epilepsy (52%), macrocephaly (12%), papilledema (28%), motor weakness in the form of right-sided hemiparesis (12%), and cranial nerve palsy (8%), oculomotor and abducens nerve palsy each reported in one patient (Table I) . Complete resolution of preoperative presentation was noted in motor weakness, cranial nerve palsies and papilledema. Nausea and vomiting also resolved in all cases except one patient with early postoperative clinical and radiological failure mandating shunt insertion. Complete subsidence of headache was noted in 50%, while 20% remained unchanged. Drug resistant epilepsy improved in 69% of patients reported as either decrease or remission in both frequency and intensity of attacks without changing medications.
Radiological Results
Postoperative MRI showed initial decrease in cyst volume as early as 3 months following surgery. Although this was only in a range of 5-12% volume reduction, the late follow-up done at 6 and 18 months continued to show further reduction reported to be significant. The preoperative cyst volume ranged from 35 to 115 mL with a mean of 66 mL. At 6 months following surgery, a substantial decrease in mean cyst volume was reported reaching down to 38.2 mL (p<0.001). With later MRI scheduled 18 months postoperatively, further considerable diminution of mean cyst volume reaching 24.9 mL (ranged from 11-55 mL) has been established. Compared to preoperative volume, this was noticed as a significant reduction (p<0.001) ( Figure 2 ). Despite this sequential decrease of cyst volume in time interval, we did not report complete cyst effacement in any patient even with later follow-up exceeding 18 months.
Complications
In this series, transient subgaleal CSF collection was the most common complication (20%) ( Table II) . This resolved within 2 weeks following surgery with medical treatment and bandage. CSF leakage was reported in one patient who showed clinical and radiological signs of failure necessitating cysto-peritoneal shunting. Postoperative de novo seizure was reported in one patient controlled with medical mono-therapy.
█ DISCUSSION
The best surgical management of intracranial arachnoid cysts remains controversial. The advent in neuroimaging modalities led to accidental discovery of arachnoid cysts. Asymptomatic lesions are mainly conservatively managed. Most authors agree that symptoms of intracranial hypertension, treatmentresistant seizures, and focal neurological deficits are clinical criteria warranting surgical treatment (6).
Surgical interventions are varied and include endoscopic fenestration, microsurgical fenestration and cyst shunting. Cysto-peritoneal CSF diversion using a shunt is a surgical treatment modality with high success rate in terms of clinical and radiological outcome. However the long-term reliability is largely affected by possibility of infection or the need for repeated shunt revision. Arai et al. (2) , in a study of 77 middle fossa arachnoid cysts and all treated by cysto-peritoneal shunt, reported a revision rate of 10.4% which is one of the lowest among various series. They reported only one shunt infection. To avoid shunt malfunction, they preceded proximal catheter placement with outer membranectomy. They believe that an outer membrane detaches easily from the dura mater, which may cause plugging of the shunt tube. With long periods of follow-up, Zhang et al. (29) reported a shunt revision rate of 26%. Furthermore they reported symptoms of increased intracranial pressure with a shunt malfunction and nearly obliterated cyst in 13% of patients. This was considered typical shunt dependence with difficulty re-inserting the proximal catheter during revision mandating ventriculoperitoneal shunt insertion in the majority of this group. Alexiou et al. (1) reported a need of revision in the cysto-peritoneal shunt group (67 patients) in 39% of the patients. Presence of an arachnoid cyst with an associated subdural hygroma or hematoma makes shunting not an optimum maneuver due to possible intracranial hypotension resulting from over-shunting with subsequent aggravation of subdural collection (22).
Silav et al., in their study of 16 children with symptomatic middle fossa arachnoid cysts, validated their preferred combined approach of subtemporal micro-craniotomy with microsurgical fenestration and cysto-peritoneal shunt during the same operation. Starting with microsurgery, stereoscopic observation gives the surgeon excellent depth perception, improving the safety of sharp cyst wall dissection. They believe that further insertion of a cysto-peritoneal shunt increased overall clinical and radiological success, with 18.75% shunt dysfunction rate, lower than many reported literature rate of cystoperitoneal shunt alone (23).
Li et al. studied thirteen patients with shunt dependency syndrome after previous cysto-peritoneal shunting in 358 children with temporal arachnoid cysts. Although the incidence of shunt dependency was very low, it could be a not easily curable complication. Intracranial pressure monitoring may confirm the diagnosis when no neuroimaging signs denote shunt dependency (15) .
The endoscopic approach is generally a safe procedure. Despite the slowly increasing number of studies favoring endoscopic fenestration of temporal arachnoid cysts, it has some limitations. These include the difficulty in bi-manipulations using endoscopic instruments, and the need to work along the trajectory of the endoscope. Other limitations are the (13), in their study of 20 patients who were successfully operated by pure endoscopic fenestration, reported some technical difficulties. The main concern is the presence of multiple membranes nearby the neurovascular structures requiring a complete learning curve before considering pure endoscopic fenestration as the first line. They recommended at least two fenestration sites to guarantee long-term reliability. We reported some limitations of supra-orbital endoscope assisted microsurgical fenestrations. The incision over the eyebrow is not feasible in infants less than 2 years, which requires longer incision behind the hairline yet with the same small mini-craniotomy (in 2 patients). Furthermore, the approach is not optimum with a largely pneumatized frontal air sinus.
Clinical Outcome
Patients in this study showed considerable improvement in preoperative clinical symptoms following microsurgical fenestration. Complete resolution was noted in motor weakness, cranial nerve palsies and papilledema. Nausea and vomiting were also resolved in all cases, except one patient with early postoperative clinical and radiological failure mandating shunt insertion. Complete resolution of headache was noted in 50% and drug resistant epilepsy improved in 69% of patients.
Schulz et al. (22) , in a study of 24 patients treated by endoscopic or microsurgical fenestration, reported complete were totally obliterated in three cases (11 %, 3/28). Subdural hygroma was identified in 23 cases (82.1 %) at the immediate postoperative period (17).
Ozgur et al. presented a comprehensive detailed description of the technique of microsurgical keyhole middle fossa arachnoid cyst fenestration. They concluded that long-term success is essentially correlated with establishing free communication of CSF to the basal cisterns (18) .
In this study, we relied upon microscopic cyst fenestration through eyebrow supraorbital mini-craniotomy, assisted with endoscopic inspection in intimate proximity of both cyst wall and nearby interpenduncular and prepontine cisterns. The combined strengths of endoscopic view, microsurgical bimanual handling of arachnoid membrane layers and a minicraniotomy are all advantages of minimal invasiveness. This allows direct access to the frequently tough medial cyst wall allowing wide fenestration using microscopic instruments, avoiding addressing the outer cyst wall which might contribute to subdural hygroma formation. This medial cyst wall is frequently associated with arachnoid membranes close to the optico-carotid window that may render endoscopic fenestration into the nearby cistern untargeted. The ultimate advantage of microsurgery is the easy access to arachnoid corridors allowing dissection/fenestration both medial Karabagli and Etus (13) , in study of 20 children treated by endoscopic fenestration, had 100% resolution of the preoperative headache, motor deficits, and normalization of skull growth in patients with macrocrania. In children presenting with seizure, 50% became seizure free with reduced or ceased antiepileptic therapy, and 25% showed a significant reduction in seizure frequency.
Radiological Outcome
In our series, we observed a minimal initial decrease in cyst volume as early as 3 months, followed by further reduction at 6 and 18 months postoperatively. Despite this reduction in size, none of the patients showed complete cyst obliteration ( Figure 3A-D) .
Schulz et al. (22) reported reduction of Sylvian arachnoid cyst volume of more than 10%, achieved in 83.3% of all patients. The median volume of cyst was significantly reduced from 83.5 mL preoperatively, to 45.5 mL then 29.0 mL at 3.5 months and 15 months respectively. Karabagli and Etus (13) , in their study of 20 patients, reported 55.5% reduction in cyst size in 18 patients in whom endoscopic fenestration succeeded. In their data, the decision on the reduction in cyst size was based on postoperative neuroimaging studies that had been performed at least 3 months following the procedure. They considered resolution of symptoms as the most reliable means to assess outcome.
Complications
We have reported some complications in our series but none of them was permanent. We could overcome the initial failure of surgery in one patient complicated by CSF leakage by insertion of a cysto-peritoneal shunt. Transient subgaleal CSF collection was reported in 20% of patients, and no tense collection was observed in any patient. Those patients were adequately controlled by diuretics and bandage, without further surgical intervention. Fortunately, subdural hygroma, which was reported in most of the other series of endoscopic or microsurgical fenestration, was not reported in our study. Karabagli and Etus (13) , in their study group of 20 patients reported one minor complication in a patient who had an asymptomatic postoperative hygroma that resolved spontane-
